Planktivorous fish are important in shaping zooplankton communities in many freshwater ecosystems, and there is an intrinsic link between the active and resting forms of many zooplankton taxa. However, few field studies have considered the influence of planktivorous fish on zooplankton resting-stage communities, and none have considered this phenomenon in rivers. In two separate but concurrent 12-day experiments, we investigated the effects of Eastern Gambusia (Gambusia holbrooki Girard) and carp gudgeon (Hypseleotris spp.) on zooplankton resting-stage communities in slackwaters of an Australian floodplain river. This was achieved by setting coconut fibre mats on the bottom of the experimental enclosures and later incubating the resting stages captured. A high biomass (2.5 g m
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I N T RO D U C T I O N
It is well accepted that planktivorous fish play an important role in shaping the population and community dynamics of active (water column) zooplankton communities in many freshwater ecosystems (Brooks and Dodson, 1965; Vanni, 1987; Thorp and Casper, 2003) .
example, have reported that visually foraging planktivorous fish selectively prey on large zooplankton species, thus resulting in a community dominated by small species (Brooks and Dodson, 1965; Thorp and Casper, 2003; Williams and Moss, 2003) .
Despite the wealth of knowledge regarding the influence of planktivorous fish on active zooplankton dynamics, relatively little is known regarding the influence of such predators on zooplankton resting-stage communities (Gyllström, 2004) . Furthermore, much of the existing knowledge concerning the influence of planktivorous fish on zooplankton resting-stage communities has arisen from laboratory experiments demonstrating the influence of fish kairomones (i.e. chemicals) on zooplankton dormancy induction (Slusarczyk, 1995; Pijanowska and Stolpe, 1996) and/or emergence (Lass et al., 2005) and corollary evidence of fish consuming taxa with individuals carrying resting eggs (Mellors, 1975) . In contrast, only three experimental field studies have been undertaken to date (Hairston et al., 1990; Nielsen et al., 2000; Gyllström, 2004) , and no study has ever investigated the influence of planktivorous fish on riverine zooplankton resting-stage communities. Of the three experimental field studies undertaken thus far, one (Nielsen et al., 2000) suggested that planktivorous fish may influence the size of the reservoir of resting stages of some copepods, but the other two (Hairston et al., 1990; Gyllström, 2004) were unable to detect any evidence of dormancy induction in the presence of planktivorous fish.
The lack of consideration regarding the influence of planktivorous fish on resting-stage zooplankton communities is of particular concern, since the ecology and population dynamics of many zooplankton taxa are intrinsically linked to their resting egg banks (Cáceres and Hairston, 1998; Gyllström, 2004) . As a result of this coupling, any effects resulting from planktivorous fish on active zooplankton dynamics are likely to also influence resting-stage zooplankton dynamics (Gyllström, 2004) . Conversely, without a thorough understanding of the influence of planktivorous fish on resting-stage communities, it may be impossible to fully interpret response patterns of the active phase (Gyllström, 2004) .
This study investigated the influence of Eastern Gambusia (Gambusia holbrooki Girard) and carp gudgeon complex (Hypseleotris spp.) on zooplankton resting-stage communities in riverine slackwater (i.e. non-flowing) regions of an Australian floodplain river by undertaking two separate, but concurrent in situ enclosure experiments. Effects on active zooplankton communities were also examined to assist in the interpretation of any potential effects on zooplankton resting-stage communities, and these have been reported previously in Ning et al. (Ning et al., in press) and Ning (Ning, 2008) . Gambusia and Hypseleotris were used as representative planktivorous fish because they are both common in slackwater regions of temperate Australian floodplain rivers (King, 2004; Price, 2007) . The fact that Gambusia is an introduced invasive species in Australian freshwater ecosystems was of supplementary interest in this study, as were any comparisons between the impacts of each fish species. Instead, the specific aim was to assess the influence of a differing biomass of each planktivorous fish on zooplankton resting-stage communities in slackwaters. We hypothesized that both planktivorous fish would influence the abundance and taxon richness of zooplankton resting-stage communities due to their direct effects on the active forms and their indirect effects on dormancy induction.
M E T H O D Study site
The research was conducted in the Broken River in north-eastern Victoria, Australia. This river rises on the northern-facing slopes of the Great Dividing Range in central Victoria and is a tributary of the Goulburn River, which itself is a tributary of the Murray River. It is 180 km long and is mildly regulated, with approximately 10% of its mean annual discharge of 236 000 ML diverted for off-stream use. Much of the rivers 770 m 2 catchment has been cleared for agricultural development and timber supply. The study site comprised the large slackwater region (36829 0 56 00 S, 145856 0 56 00 E) with a mean depth of 0.8 m and was 25 m long by 15 m wide.
Experimental design
The influence of each fish species on zooplankton restingstage communities was examined by undertaking two separate randomized factorial experiments simultaneously. Each experiment was run with four replicates of the following three treatments: high fish biomass, moderate fish biomass and control (i.e. zero fish biomass). Both experiments were initiated on 4 December 2006 (day 0), and continued for a duration of 12 days. This duration avoided excessive fouling on mesh enclosure walls and other "cage" effects associated with field enclosures (Thorp and Casper, 2003) .
Both experiments were undertaken in 220 L rectangular polyethylene enclosures suspended in the water column. The enclosures contained four 50 mm mesh (0.18 m 2 ) windows to allow the exchange of river water, nanoplankton and picoplankton, but not rotifers or microcrustaceans. Each was suspended with the top about 0.2 m above the water level by fixing polystyrene flotation devices to the outer walls and maintained in place by three stakes. To prevent the unintended introduction of notonectids and other predators, insect netting was placed over each enclosure between samplings.
The semi-permeable enclosures used in this study were not intended to duplicate exactly the conditions in slackwater regions of the river, but nevertheless were meant to serve as a progression from more artificial, impermeable field enclosures, fixed tanks on land and/or laboratory microcosms. Several studies have successfully used semi-permeable enclosures to conduct zooplankton experiments in large North American rivers and all of these studies have contended that environmental conditions within such enclosures are more similar to the natural conditions of a river than those associated with other experimental techniques (Thorp and Casper, 2003 and references therein). Our results are consistent with this argument, since with the exception of chlorophyll a being lower in the enclosures than in the slackwater on day 12, they showed that the environmental conditions (current velocity, temperature, dissolved oxygen and pH) within the enclosures closely matched those in the slackwater for both experiments throughout the 12-day duration (Table I) . Also, although the density of individual zooplankton taxa may vary somewhat inside and outside the enclosures, field tests have shown that directional changes in total zooplankton density within control enclosures closely mimic those in the surrounding river water in response to background variation in physical and biological conditions (see Casper, 2002, 2003) .
Zooplankton were captured from neighbouring slackwater regions via a series of vertical and horizontal net tows using a 50 mm plankton net, and added to all 24 enclosures (i.e. 12 enclosures for each experiment) on 2 December 2006. This allowed the animals to acclimate for 48 h prior to the beginning of each experiment. Initial (i.e. day 0) zooplankton densities were uniform among treatments (mean ¼ 444 L 21 ; SE ¼ 29), and near the upper end of the densities observed in slackwater regions of south-east Australian floodplain rivers during spring/summer (84-525 animals L
21
) (Nielsen et al., 2005) .
Juvenile G. holbrooki (mean wet mass ¼ 0.05 g, range ¼ 0.027 -0.095 g; mean standard length ¼ 12.5 mm, range ¼ 10 -16 mm) and Hypseleotris spp. (mean wet mass ¼ 0.5 g, range ¼ 0.297 -0.793 g; mean standard length ¼ 29.5 mm, range ¼ 25-35 mm) were captured from neighbouring slackwater regions and stocked in the enclosures on day 0. Treatments were assigned randomly for each experiment. For both Gambusia and Hypseleotris, the high (wet) biomass was 2.5 g m
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, the moderate biomass was 0.83 g m
, and the control biomass was 0 g m 22 .
Equivalent biomass values were used instead of equivalent densities because we were unable to capture comparable size (and hence mass ranges) of the two species at the time of the experiment, and predator biomass was regarded as a better surrogate of predation pressure than was the number of fish given the inherent discrepancy in body size between the two fish species (Ning et al., in press ). Matveev (Matveev, 2007) ) in another south-east Australian floodplain river (the Murray), and hence, both the high and moderate biomass values used in this study were well within the natural range. Throughout the 12-day duration, fish were monitored daily for deaths, although none were observed.
Resting-stage zooplankton sampling
Resting-stage zooplankton were sampled in each experiment using the coconut fibre mat technique (Ning et al., Table I : Range values for environmental conditions recorded in the experimental enclosures (n ¼ 24) and the slackwater that they were deployed in (n ¼ 4) 2008). This technique has been shown to be an effective surrogate for the sediment coring technique to characterize resting-stage assemblages in still-water habitats, but offers the capacity to be used in intervention experiments like in this study and is more precise and efficient for quantifying communities on a temporal basis (Ning, 2008; Ning et al., 2008) . Mats were set for two separate periods of the 12-day experiment: days 0 -6 and days 6 -12. These two periods were delineated by the three sampling days (days 0, 6 and 12) used for the active phase investigation (Ning et al., in press ) and allowed any potential effects on the zooplankton to be discerned temporally. Furthermore, dividing the 12-day experiment period into two separate periods allowed for a 1-week mat-setting duration, which was comparable with that used by Ning et al. . During each period, eight coconut fibre mats (approximately 0.0080 m 2 each) were randomly distributed on the bottom of each enclosure. The first set of mats was established early on day 0, prior to the introduction of the predators. This set was then removed at the end of day 6, and replaced by the second, which was left in place until the end of the experiment at day 12. Upon collection from each enclosure, all mats were placed into 5 L plastic containers and allowed to dry for subsequent laboratory incubation. Hence, each observational unit for each enclosure consisted of eight pooled mats in a 5 L container. Pooling of mats was necessitated by spatial and other logistical constraints associated with sample incubation.
Resting-stage zooplankton emergence
For both experiments, all coconut fibre mat samples were initially left to air dry for approximately 2 weeks to ensure that they were completely dry (and hence that only resting-stage individuals remained) before re-flooding. Incubation was then undertaken in two consecutive batches due to the large number of samples and limited laboratory space. Samples from each treatment were randomly (but evenly) assigned into one of the two batches for incubation. The first batch was incubated immediately after the 2-week drying period, while the second remained dry for a further 4 weeks before incubation commenced. No refractory period effect was observed for the first batch. Incubation was undertaken in a controlled-temperature room using a 12:12 light/dark regime and a 258C:108C day/night air temperature regime in accordance with the protocol described in Ning et al. . Briefly, the samples were inundated with aged tap water and aerated using aquarium bubblers (Clancy, 2003) . Samples were collected twice weekly over a 28-day period by lightly pouring the water from each incubation container through a 50 mm sieve, without moving the coconut fibre mat. Numerous resting-stage studies have shown that 28 days are sufficient for resting-stage zooplankton to emerge for counting and identification (Boulton and Lloyd, 1992; Jenkins and Boulton, 2007; Nielsen et al., 2007; Ning et al., 2008) and that twice weekly sampling excludes the influence of recruitment by already emerged individuals (Nielsen et al., 2003 (Nielsen et al., , 2007 Ning et al., 2008 ). The collected sample was then put into a 200 mL PET storage jar and preserved in 70% ethanol, and the incubation container was re-inundated with aged tap water. Samples from each incubation container were accrued in the same storage jar so that at the end of the 28-day sampling duration, all of the emergent zooplankton from one incubation container had been relocated to one 200 mL PET sample jar.
Zooplankton sample processing and identification
Zooplankters were subsampled prior to processing. Individual subsamples were placed in a Sedgewick-Rafter counting chamber, and then sorted and identified using darkfield microscopy. With the exception of ostracods, which were identified to class, all animals were identified to the level of family or genus using relevant keys in Shiel (Shiel, 1995) .
Data analysis
Resting-stage zooplankton communities were characterized in terms of abundance (resting stages m 22 sampling day
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) and taxon richness (taxa sample 21 ), and all analyses were repeated separately for both experiments. Linear mixed-effects ANOVA, with "enclosure" as a random effect and "fish biomass" (high, moderate, control) and "sampling period" (days 0 -6, days 6 -12) as fixed effects, was undertaken to investigate the effects of each fish on the abundance and taxon richness of rotifer and microcrustacean communities, as well as the abundance of three of the most common taxa. Analyses were undertaken for both resting-stage and normalized ( per active individual) resting-stage results to determine whether any of the potential impacts were due to direct effects on the resting-stage forms (e.g. predation of ovigerous adults and/or resting stages) or indirect effects on the active forms (e.g. dormancy induction). Since active zooplankters were sampled on days 0, 6 and 12 (Ning, 2008; Ning et al., in press) , these data sets had to be averaged for each sampling period (days 0 -6 and days 6-12) before being used in calculating the normalized restingstage results. For the repeated measures model, fish biomass was used as the between-group factor, whereas sampling period was the within-group factor. Data sets were square-root transformed where necessary to satisfy the assumptions of ANOVA. However, taxon richness data sets did not require transformation, since they were already homoscedastic and normally distributed. Where significant effects were identified, post hoc analyses were undertaken using Bonferroni pairwise comparisons. Analyses were conducted using SPSS Version 15.0 (SPSS, Inc., Chicago, IL, USA).
As three independent ANOVA tests were performed for common taxa in both experiments, there was a risk of incurring a Type 1 error. To accommodate the possibility for such errors, we adjusted the significance level using a Bonferroni correction to P 00 ¼ 0.05/3 ¼ 0.017 (Sokal and Rohlf, 1995) . Nonetheless, the total number of tests for common taxa makes this method conservative and the chance of alternatively making a Type 2 error becomes relatively high. As a result, we supply both original and Bonferroni-adjusted critical values (Table II) 
R E S U LT S Gambusia experiment
In total, 18 taxa comprising 9 rotifers and 9 microcrustaceans were found as resting stages in the Gambusia enclosures during the 12-day experiment. Overall, the resting-stage zooplankton community was composed of 88% Rotifera (mean ¼ 46 ind m 22 day
21
) and 12% microcrustacea (mean ¼ 6 ind m 22 day 21 ) in terms of abundance.
During days 6 -12, microcrustacean resting-stage abundance and taxon richness appeared to be reduced in the presence of a high biomass of Gambusia (Fig. 1) , and ANOVA confirmed that the effect of fish biomass was significant for both response variables (Table II) . Further investigation showed that Asplanchna spp. restingstage abundance was significantly affected by fish biomass treatment, since Asplanchna spp. resting stages were only found in the control enclosures during both sampling periods (control versus moderate P , 0.05; control versus high P , 0.05; Table II and Fig. 1) . Lecane spp. resting-stage abundance increased significantly between days 6 and 12, but this temporal pattern Note that for common taxa, F-ratios within parentheses are not formally significant when a Bonferroni correction is applied (three tests for common taxa: P 00 ¼ 0.017; Sokal & Rohlf, 1995) . Normalized Asplanchna spp. and Lecane spp. resting-stage abundances could not be not be examined in Gambusia enclosures because their active forms did not occur in all treatments throughout the experiment. *P , 0.05. **P , 0.01.
was not significant when a Bonferroni correction was applied (Table II and Fig. 1) . Furthermore, none of the normalized ( per active individual) resting-stage patterns were significant except for microcrustacean resting-stage abundance, which decreased significantly between days 6 and 12 (Table II and Fig. 2 ).
Hypseleotris experiment
In total, 18 taxa comprising 11 rotifers and 7 microcrustaceans were found as resting stages in the Hypseleotris enclosures during the 12-day experiment. Overall, the resting-stage zooplankton community was composed of 86% Rotifera (mean ¼ 49 ind m 22 sampling day Total microcrustacean resting-stage abundance and taxon richness, and total rotifer resting-stage taxon richness appeared to be reduced in the presence of a high biomass of Hypseleotris during days 0 -6 (Fig. 3) . ANOVA indicated that total rotifer resting-stage richness varied significantly according to the interaction between time and fish biomass, but that none of the other apparent fish biomass effects were statistically significant (Table II) , probably largely as a consequence of the high variability of the resting-stage abundance patterns (Fig. 3) . Further examination showed that total rotifer and Lecane spp. resting-stage abundance varied significantly according to sampling period (Table II) , and increased between days 6 and 12 (Fig. 3) . However, the temporal pattern for Lecane spp. was not significant when a Bonferroni correction was applied (Table II) . Furthermore, none of the normalized ( per active individual) resting-stage patterns were significant (Table II and Fig. 4 ).
D I S C U S S I O N
It is well established that planktivorous fish are important in shaping zooplankton dynamics in many freshwater ecosystems (Brooks and Dodson, 1965; Vanni, 1987; Williams and Moss, 2003) and that there is an inherent coupling between the active and resting forms of many zooplankton taxa (Cáceres and Hairston, 1998; Gyllström, 2004) . Nevertheless, less is known concerning the influence of planktivorous fish on zooplankton resting-stage communities and no study has ever considered this phenomenon in rivers. Ning et al. (Ning et al., in press) recently demonstrated that planktivorous fish have the potential to markedly alter active zooplankton dynamics in riverine slackwater regions. This study extended upon these findings and tested the hypothesis that the presence of planktivorous fish can also impact upon zooplankton resting-stage communities in slackwater regions. Results from the study supported this hypothesis and suggest that in slackwaters, planktivorous fish can potentially influence resting-stage zooplankters in addition to their active forms (Ning et al., in press) .
Planktivorous fish can potentially affect resting-stage communities in a number of direct or indirect ways, including via alterations to zooplankton fecundity (Gliwicz and Pijanowska, 1989) , dormancy induction (Slusarczyk, 1995; Pijanowska and Stolpe, 1996) and emergence from dormancy (Lass et al., 2005) . These effects are likely to vary markedly depending on the species and size of the fish due to associated differences in their feeding strategies and/or behaviour (e.g. Winfield et al., 1983; Winkler and Orellana, 1992; Williams and Moss, 2003) . In this study, the presence of a high biomass of Gambusia reduced the total abundance and diversity of resting-stage microcrustaceans between day 6 and day 12, and the abundance of Asplanchna spp. resting stages throughout the entire 12-day experimental period. Also, the presence of a high biomass of Hypseleotris reduced the total diversity of resting-stage rotifers up to day 6. Similar patterns were observed for the active forms of these respective taxa during each experiment (Ning, 2008) , and further investigation in the present study indicated that the presence of fish had not influenced the normalized (active populationadjusted) resting-stage abundances for these taxa. This suggests that the effects on the resting-stage zooplankton were largely due to the effects of fish predation on their respective active populations. The effects of Gambusia and Hypseleotris on active populations could have occurred via the consumption of large individuals before they reproduced (Williams and Moss, 2003) , the selective removal of ovigerous individuals (Mellors, 1975) and/or the consumption of resting stages after they had been deposited (De Stasio, 1989; Nielsen et al., 2000) . Indeed, there was evidence of both the suppression of large individuals before they reproduced and the selective removal of ovigerous individuals during each experiment (e.g. for Daphniidae and Cyclopoida) (Ning, 2008; Ning et al., in press ), even though resting-stage abundances per ovigerous individual (for Cyclopoida at least) were not affected.
Conversely, the resting-stage forms of some taxa did not appear to be influenced by the presence of planktivorous fish even though their active representatives were (e.g. total rotifer resting-stage abundance in the presence of both fish) (Ning et al., in press) , and/or were generally quite variable in terms of their occurrence (e.g. Lecane spp. resting-stage abundance in the presence of Gambusia). While every effort was made at uniform treatment, the artificial nature of the incubation technique used for assessing fish effects on resting-stage abundance may have contributed to masking some potential trends and/or to the high variability in the results . Artificial incubation techniques have been adopted for assessing resting-stage communities in many studies (Jankowski and Straile, 2003; Vandekerkhove et al., 2005) because they offer a simple (but labour-intensive) and uniform method for the counting and identification of viable animals in an emerged state. However, they are limited in their capacity to provide species (and individual-)-specific hatching cues for all taxa in a community (Vandekerkhove et al., 2005) , and consequently, they yield results that may underestimate resting-stage community structure and composition.
A number of studies have suggested that many zooplankton taxa switch to producing resting stages in the presence of planktivorous fish (Slusarczyk, 1995; Pijanowska and Stolpe, 1996; Slusarczyk, 1999; Nielsen et al., 2000) . Hence, the absence of any such discernible response for Asplanchna spp. or any of the other taxa during these two experiments contrasts with these studies. Hairston et al. (Hairston et al., 1990 ) also found no evidence of dormancy induction in the presence of planktivorous fish during a field experiment in Little Bullhead Pond (USA), even though they did observe dormancy induction in response to changes in temperature and photoperiod. Furthermore, Gyllström (Gyllström, 2004) did not find any evidence of dormancy induction in the presence of planktivorous fish during a field experiment in Lake Krankesjön (Sweden), and instead, only found resting egg production in highnutrient treatments with no fish. The absence (and/or masking) of predator-induced resting-stage production in this study may have resulted from the suppression of larger individuals before they reproduced (Ning, 2008; Ning et al., in press ). Furthermore, although the 12-day duration of each experiment was probably appropriate for detecting impacts of planktivorous fish on the active zooplankton communities and possibly also for direct effects on the resting-stage communities (e.g. predation of eggs or ovigerous females), it may have been too short to detect more subtle indirect impacts on restingstage communities [e.g. fish kairomones influencing zooplankton life-history characteristics such as age at maturation (Mikulski et al., 2001 (Mikulski et al., , 2004 ].
Conclusions
Our study is the first in situ investigation into the influence of planktivorous fish on zooplankton resting-stage communities in a river system. Results from the study suggest that planktivorous fish can potentially influence resting-stage zooplankters in riverine slackwaters, in addition to their active forms (Ning et al., in press ). This is probably largely due to the intrinsic coupling between the resting-stage and active forms of zooplankton taxa. Future studies should now be undertaken at a finer scale to investigate the influence of planktivorous fish on the mechanisms driving resting-stage population and community dynamics. For example, this should include investigating the influence of planktivorous fish on resting-stage production/dormancy induction patterns of individual species in slackwaters at a temporal scale that is appropriate to the species being examined.
